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Description 

The present invention relates to load cells and in 
particular to load cells which are responsive to struc- 
ture borne stress waves. 

Common forms of load cell use strain to cause a 
change of electrical resistance or to generate electri- 
cal signals by the piezo-electric effect. Such devices 
are susceptible to electromagnetic interference, and 
are affected to various degrees by high temperatures 
and vibrations. 

The present invention seeks to provide a novel 
stress wave load cell. 

Accordingly the present invention provides a 
stress wave load cell comprising a propagation mem- 
ber which allows the propagation of stress waves 
therethrough, at least one transducer acoustically 
coupled to the propagation member, at least one 
damping member arranged such that when a load is 
applied to the load cell a damping load is applied on 
at least one surface of the propagation member by the 
damping member, the damping load applied by the 
damping member increases with the load, the at least 
one transducer being arranged to launch a stress 
wave signal into the propagation member and at least 
one means to detect the stress wave signal after it has 
propagated through the propagation member and 
been damped by any damping load applied by the 
damping member on the propagation member, the at 
least one means to detect the stress wave signal 
being arranged to convert any detected stress waves 
into an electrical signal, a processor being arranged 
to process the electrical signal to give an electrical 
output signal as a measure of the load applied on the 
load cell. 

A single transducer may launch the stress wave 
signal into the propagation member and the trans- 
ducer is the at least one means to detect the stress 
wave signal after it has propagated through the pro- 
pagation member. 

Af irst transducer may launch the stress wave sig- 
nal into the propagation member and a second trans- 
ducer is the at least one means to detect the stress 
wave signal after it has propagated through the pro- 
pagation member. 

The propagation member may be formed from 
metal, glass or ceramic. 

The propagation member may have a first sur- 
face, a second surface parallel to the first surface, a 
first damping member arranged to apply a damping 
load on the first surface and a second damping mem- 
ber arranged to apply a damping load on the second 
surface. 

The damping member may be formed from rub- 
ber. 

The at least one transducer may be acoustically 
coupled to the propagation member by a waveguide. 
The electrical output signal may operate a switch 



when a predetermined load is detected. 

The electrical output signal may operate an alarm 
when a predetermined load is detected. 

Load transmission members may act on the first 
5 and second damping members such as to cause the 
first and second damping members to apply a damp- 
ing load on the propagation member. 

The present invention will be more fully described 
by way of example with reference to the accompany- 
to ing drawings, in which:- 

Figure 1 is a cross-sectional view of a stress wave 
load cell according to the present invention. 

Figure 2 is a cross-sectional view of a second 
embodiment of a stress wave load cell according to 
15 the present invention. 

Figure 3 is a view in the direction of arrow A in Fig- 
ure 2. 

Figure 4 is a perspective view of a third embodi- 
ment of a stress wave load cell according to the pre- 

20 sent invention. 

Figure 5 is a graph of decay rate of the stress 
waves against load. 

A stress wave load cell 10 according to the pre- 
sent invention is shown in Figure 1. The stress wave 

25 load cell 10 comprises a propagation member 12, 
which may be a sheet or bar or other suitable member, 
formed from a material which allows the propagation 
of stress waves therethrough. The propagation mem- 
ber conducts stress waves and may for example be 

30 formed from metal, glass or ceramic. A first damping 
member 14 and a second damping member 16 are 
arranged in close proximity to opposite surfaces of 
the propagation member 12. The damping members 
14 and 16 are resilient and are formed from a rubber. 

35 A first load transmission member 18 and a second 
load transmission member 20 are arranged to act on 
the first and second damping members 14 and 16 
such that the damping members 14 and 16 move into 
damping contact, and/or apply a greater damping 

40 effect on the propagation member 12 when a load is 
applied to the load cell 10. First and second acoustic 
emission type transducer 22 and 24 are acoustically 
coupled to the propagation member 12. The first 
transducer 22 is a transmitter and is electrically con- 

45 nected to a pulse generator (not shown). The second 
transducer 24 is a receiver and is electrically connec- 
ted to a signal processor (not shown). The signal pro- 
cessor may be connected to either a recorder or a 
display, or to both if desired. 

so In operation of the stress wave load cell 10 the 
application of a compressive load onto the load trans- 
mission members 18 and 20 causes the first and sec- 
ond damping member 14 and 16 to move into 
damping contact with the propagation member 12, (if 

55 the damping members are not already in contact with 
the propagation member 12) and as the load applied 
to the load cell increases the damping applied by the 
damping members 14 and 16 upon the propagation 
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member 12 increases. The pulse generator (not 
shown) sends electrical pulses to the first transducer 
22, which converts the electrical pulses into stress 
waves which are launched into the propagation mem- 
ber 12. The second transducer 24 detects the stress 5 
waves after they have propagated through the propa- 
gation member 12 and converts the stress waves into 
electrical signals. The electrical signals correspond- 
ing to the stress waves detected are processed by the 
processor to give an electrical output signal which is 10 
a measure of the load applied on the load cell 10. The 
decay rate of a reverberative or diffuse, stress wave 
field set up in the propagation member is dependent 
upon the load applied on the load cell 10. Thus the 
processor may be arranged to measure the decay 15 
rate of the reverberative stress wave field, and this 
measure is indicative of the amount of damping 
applied by the damping members 14 and 16 and 
hence the load applied on the load cell 10. 

Figure 5 shows a graph of stress wave decay rate 20 
against the load applied on the load cell, and a straight 
line is achieved which indicates that the relationship 
between applied load and stress wave decay rate is 
linear. 

In the example above, stress waves with a fre- 25 
quency content in the region of 150 KHz were used, 
although other suitable frequencies of stress waves 
may be used. The transducers used were resonant 
piezoelectric transducers. 

In Figures 2 and 3 a stress wave load cell 30 is 30 
shown which is substantially the same as the embo- 
diment in Figure 1, and operates in a similar manner, 
but differs in that a waveguide 26 is acoustically coup- 
led between the propagation member 12 and a single 
transducer 28. The transducer 28 acts both as a trans- 35 
mitter and as a receiver, and is electrically connected 
to pulse generator, a processor, a recorder and dis- 
play. 

The embodiment in Figures 2 and 3 allows the 
load to be measured at one location, while the trans- 40 
ducer is located at a remote position and is acousti- 
cally coupled to the propagation member by a 
waveguide of suitable length. The waveguide is for- 
med form a material which also allows stress waves 
to propagate therethrough. 45 

The stress wave load cell 40 in Figure 4 is sub- 
stantially the same as the embodiment in Figure 1 , 
and operates in a similar manner, but does not have 
the load transmission members. This arrangement 
allows a single object, or a plurality of objects to be 50 
placed on the damping member 14 at a plurality of 
locations and the load cell 40 measures the load 
applied by each of the objects and gives an integrated 
measure of the load applied on the load cell. 

The present invention allows a load cell to be pro- 55 
duced which is less susceptible to electrical interfer- 
ence, and the embodiment in Figures 2 and 3 may be 
used in corrosive, high temperature or other hostile 
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environments by using the remote transducer. The 
stress wave load cell is an active system and failures 
may be easily detected. 

The stress wave load cell may be used as a touch 
sensitive switch, an intruder detector or a device to 
detect removal of an object all of which detect 
changes in load. In the use of the stress wave load cell 
as an intruder detector, the stress wave load cell may 
be positioned under a carpet 



Claims 

1. A stress wave load cell comprising a propa- 
gation member (12) which allows the propagation of 
stress waves therethrough, at least one means (24) 
acoustically coupled to the propagation member (12) 
to detect stress waves, the at least one means (24) to 
detect the stress waves is arranged to convert any 
detected stress waves into an electrical signal, a pro- 
cessor is arranged to process the electrical signal to 
give an electrical output signal as a measure of the 
load applied on the load cell, characterised in that at 
least one damping member (14,16) is arranged such 
that when a load is applied to the load cell a damping 
load is applied on at least one surface of the propa- 
gation member (12) by the damping member (14,16), 
the damping load applied by the damping member 
(14,16) increases with the load, at least one trans- 
ducer (22) is arranged to launch a stress wave signal 
into the propagation member (12) and the at least one 
means (24) to detect the stress wave is arranged to 
detect the stress wave signal after it has propagated 
through the propagation member (12) and has been 
damped by any damping load applied by the damping 
member (14,16) on the propagation member (12). 

2. A stress wave load cell as claimed in claim 1 in 
which a single transducer (28) launches the stress 
wave signal into the propagation member (12) and the 
transducer (28) is the at least one means to detect the 
stress wave signal after it has propagated through the 
propagation member. 

3. A stress wave load cell as claimed in claim 1 in 
which a first transducer (22) launches the stress wave 
signal into the propagation member (12) and a second 
transducer (24) is the at least one means to detect the 
stress wave signal after it has propagated through the 
propagation member (12). 

4. A stress wave load cell as claimed in claim 1, 
claim 2 or claim 3 in which the propagation member 
(12) is formed from metal, glass or ceramic. 

5. A stress wave load cell as claimed in any of 
claims 1 to 4 in which the propagation member (12) 
has a first surface and a second surface parallel to 
the first surface, a first damping member (14) is 
arranged to apply a damping load on the first surface 
and a second damping member (16) is arranged to 
apply a damping load on the second surface. 
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6. A stress wave load cell as claimed in any of 
claims 1 to 5 in which the damping member (14,16) is 
formed from rubber. 

7. A stress wave load cell as claimed in any of 
claims 1 to 6 in which the at least one transducer (28) 5 
is acoustically coupled to the propagation member by 

a waveguide (26). 

8. A stress wave load cell as claimed in any of 
claims 1 to 7 in which the electrical output signal oper- 
ates a switch when a predetermined load is detected. 10 

9. A stress wave load cell as claimed in any of 
claims 1 to 8 in which the electrical output signal oper- 
ates an alarm when a predetermined load is detected. 

10. A stress wave load cell as claimed in claim 5 

in which load transmission members (18,20) act on 15 
the first and second damping members (14,16) such 
as to cause the first and second damping members 
(14,16) to apply a damping load on the propagation 
member (12). 

20 

Patentanspruche 

1 . Druckwellen-Kraftme&zelle mit einem Ausbrei- 
tungsglied (12), welches Druckwellen hindurchtreten 25 
la&t, mit wenigstens einer Einrichtung (24), die aku- 
stisch mit dem Ausbreitungsglied (12) gekoppelt ist, 

urn Druckwellen festzustellen, wobei die wenigstens 
eine Einrichtung (24) zur Feststellung der Druckwel- 
len derart angeordnet ist, dad irgendwelche festge- so 
stellten Druckwellen in ein elektrisches Signal 
umgewandelt werden, und wobei ein Prozessor vor- 
gesehen ist, urn die elektrischen Signale zu verarbei- 
ten und ein elektrisches Ausgangssignal als MaB fur 
die auf die Kraftmelizelle ausgeubte Belastung zu lie- 35 
fern, dadurch gekennzeichnet, daR wenigstens ein 
Dampfungsglied (14, 16) derart angeordnet ist, dad 
dann, wenn eine Kraft auf die Kraftme&zelle ausge- 
ubt wird, eine Ddmpfungsbelastung auf wenigstens 
eine Oberflache des Ausbreitungsgliedes (12) durch 40 
das Dampfungsglied (14, 16) ausgeubt wird, wobei 
die Dampfungsbelastung, die durch das Dampfungs- 
glied (14, 16) ausgeubt wird, sich mit der Belastung 
erhoht, und wenigstens ein Wandler (22) angeordnet 
ist, urn ein Druckwellensignal in das Ausbreitungs- 45 
glied (12) zu schicken, und die wenigstens eine Ein- 
richtung (24) zur Feststellung der Druckwelle so 
angeordnet ist, dad das Druckwellensignal festge- 
stellt wird, nachdem dies uber das Ausbreitungsglied 
(12) ausgebreitet und durch irgendeine Dimpfungs- so 
last gedampft wurde, die durch das Dampfungsglied 
(14, 16) auf das Ausbreitungsglied (12) ausgeubt wur- 
de. 

2. Druckwellen-Kraftme&zelle nach Anspruch 1, 

bei welcher ein einziger Wandler (28) das Druckwel- 55 
lensignal in das Ausbreitungsglied (12) schickt und 
der Wandler (28) die wenigstens eine Vorrichtung zur 
Feststellung des Druckwellensignals bildet, nachdem 



dieses durch das Ausbreitungsglied ausgebreitet wur- 
de. 

3. Druckwellen-Kraftme&zelle nach Anspruch 1, 
bei welcher ein erster Wandler (22) das Druckwellen- 
signal in das Ausbreitungsglied (12) schickt und ein 
zweiter Wandler (24) die wenigstens eine Einrichtung 
darstellt, urn das Druckwellensignal festzustellen, 
nachdem dieses durch das Ausbreitungsglied (12) 
ausgebreitet wurde. 

4. Druckwellen-Kraftme&zelle nach Anspruch 1, 
Anspruch 2 Oder Anspruch 3, bei welcher das Aus- 
breitungsglied (12) aus Metall, Glas Oder Keramikma- 
terial besteht 

5. Druckwellen-Kraftme&zelle nach einem der 
Anspruche 1 bis 4, bei welcher das Ausbreitungsglied 
(12) eine erste Oberflache und eine zweite, hierzu 
parallele Oberflache aufweist und ein erstes Damp- 
fungsglied (14) eine DSmpfungskraft auf die erste 
Oberfl§che und ein zweites Dampfungsglied (16) ei- 
ne Dampfungskraf t auf die zweite Oberflache ausubt. 

6. Druckwellen-Kraftme&zelle nach einem der 
Anspruche 1 bis 5, bei welcher das Dampfungsglied 
(14, 16) aus Gummi besteht. 

7. Druckwellen-Kraftme&zelle nach einem der 
Anspruche 1 bis 6, bei welcher der wenigstens eine 
Wandler (28) akustisch mit dem Ausbreitungsglied 
durch einen Wellenleiter (26) gekoppelt ist. 

8. Druckwellen-Kraftme&zelle nach einem der 
Anspruche 1 bis 7, bei welcher das elektrische Aus- 
gangssignal einen Schalter betatigt, wenn eine vorbe- 
stimmte Belastung festgestellt wird. 

9. Druckwellen-Kraftme&zelle nach einem der 
Anspruche 1 bis 8, bei welcher das elektrische Aus- 
gangssignal einen Alarm betatigt, wenn eine vorbe- 
stimmte Last festgestellt wird. 

10. Druckwellen-Kraftme&dzelle nach Anspruch 
5, bei welcher Lastubertragungsglieder (18, 20) auf 
das erste und zweite Dampfungsglied (14, 16) in der 
Weise einwirken, dad das erste und zweite Damp- 
fungsglied (14, 16) eine Dampfungskraf t auf das Aus- 
breitungsglied (12) ausuben. 



Revendications 

1. BoTte dynamom6trique pour ondes de 
contrainte comprenant un 6l6ment (12) de propaga- 
tion qui permet a des ondes de contrainte de se pro- 
pager dedans, au moins des moyens (24) coul£s 
acoustiquement a I'6l6ment (12) de propagation pour 
datecter des ondes de contrainte, les moyens (24) 
pour datecter les ondes de contrainte 6tant dispos6s 
pour convertir toute onde de contrainte d6tect6e en 
un signal aiectrique, un appareil de traitement atant 
disposa pour traiterle signal aiectrique af in de donner 
un signal aiectrique de sortie reprasentatif de I'effon 
appliqua sur la botte dynamomatrique, caract6ris6e 
en ce qu'au moins un aiament (14, 16) d'amortisse- 
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ment est dispose de sorte que, quand un effort est 
applique sur la bofte dynanom6trique, un effort 
d'amortissement est applique sur au moins une sur- 
face de I*6l6ment (12) de propagation par I'6l6ment 
(14, 16) d'amortissement, ('effort d'amortissement 5 
applique par r6!6ment (14,16) d'amortissement aug- 
mentant avec I'effort, au moins un transducteur (22) 
6tant dispose pour emettre un signal d'ondes de 
contrainte £ I'interieur de I'6l6ment (12) de propaga- 
tion et les moyens (24) pour detecter I'onde de 10 
contrainte 6tant disposes pour detecter le signal 
d'ondes de contrainte aprds qu'il se soit propage au 
travers de r6l6ment(12) de propagation et qu'il aitete 
amorti par tout effort d'amortissement applique par 
rei6ment (1 4, 1 5) d'amortissement sur T6l6ment (1 2) 15 
de propagation. 

2. Bofte dynamometrique pour ondes de 
contrainte selon la revendication 1, dans laquelle un 
unique transducteur (28) 6met le signal d'ondes de 
contrainte £ I'interieur de l'6iement (12) de propaga- 20 
tion, le transducteur etant constitu6 des moyens pour 
detecter le signal d'ondes de contrainte apr£s qu'il se 

soit propag6 au travers de I'ei6ment de propagation. 

3. Bofte dynamometrique pour ondes de 
contrainte selon la revendication 1, dans laquelle un 25 
premier transducteur (22) 6met le signal d'ondes de 
contrainte & I'interieur de l'6!6ment (12) de propaba- 
tion, un second transducteur (24) etant constitu6 des 
moyens pour detecter le signal d'ondes de contrainte 
apr£s qu'il se soit propage au travers de reiement 30 
( 12) de propabation. 

4. Boite dynamometrique pour ondes de 
contrainte selon la revendication 1 ou la revendication 
2 ou la revendication 3, dans laquelle reiement (12) 

de propagation est constitu6 de m6tal, de verre ou de 35 
c6ramique. 

5. Bofte dynamonetrique pour ondes de 
contrainte selon Tune quelconque des revendications 
1 & 4, dans laquelle reiement (12) de propabation pre- 
sents une premiere surface et une seconde surface 40 
parallels & la premiere surface, un premier 6l6ment 
(14) d'amortissement est dispose af in d'appliquer un 
effort d'amortissement sur la premiere surface et un 
second 6l6ment (16) d'amortissement est dispose 
pour appliquer un effon d'amortissement sur la 45 
seconde surface. 

6. Bofte dynamometrique pour ondes de 
contrainte selon I'une quelconque des revendications 
1 a 5, dans laquelle I'6l6ment (14, 16) d'amortisse- 
ment est constitu6 de caoutchouc. so 

7. Bofte dynamometrique pour ondes de 
contrainte selon I'une quelconque des revendications 
1 a 6, dans laquelle le transducteur (28) est couple 
acoustiquement & l'6!6ment de propagation au moyen 
d'un guide d'ondes (26). 55 

8. Boite dynamometrique pour ondes de 
contrainte selon I'une quelconque des revendications 
1 d 7, dans laquelle le signal eiectrique de sortie 



996 B1 8 

actionne un commutateur lorsqu'un effort predeter- 
mine est detecte. 

9. Bofte dynamometrique pour ondes de 
contrainte selon I'une quelconque des revendications 
1 £ 8, dans laquelle le signal eiectrique de sortie 
actionne une alarme lorsqu'un effort predetermine 
est detecte. 

10. Bofte dynamometrique pour ondes de 
contrainte selon la revendication 5, dans laquelle des 
elements (18, 20) de transmission de I'effort agissent 
sur les premier et second elements (14, 16) d'amor- 
tissement de fagon £ amener les premier et second 
elements (14, 16) d'amortissement £ appliquer un 
effort d'amortissement sur I'6l6ment (1 2) de propaga- 
tion. 



EP 0 387 996 B1 




EP 0 387 996 B1 



Fig. 4. 
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LOAD CELL MEASUREMENTS 
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